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There is strong evidence that Canada’s North
is already experiencing signiﬁcant changes in
its climate (e.g., McBean et al. 2005). The cli-
matic and environmental changes that have
been observed during the last century require
greater understanding and involvement by
individuals and institutions to deﬁne effective
adaptation strategies. Through signing the
1992 United Nations Framework Convention
on Climate Change (2006) and ratifying the
Kyoto Protocol (2006), Canada has shown its
commitment to the global effort to slow the
rate of warming, reduce emissions, conduct
research, and initiate action at the national
and regional levels to develop adaptation
strategies to minimize the impact throughout
the country (Government of Canada 2003).
Canada has recognized that Aboriginal and
northern communities face unique challenges
and that it is necessary to expand the assess-
ment of vulnerabilities to effects of climate
change to all areas of Canada, including the
North (Government of Canada 2003). This
work is essential for the development of effec-
tive adaptive strategies to protect the health of
Canadians in all regions of the country. 
Assessing the impacts that these climate
changes are having or may have on peoples’
lives requires a combination of disciplinary
approaches and methods (Patz et al. 2000).
Research on climate change and health
impacts in northern Canada is in its infancy
(Furgal et al. 2002). It uses and focuses par-
ticularly on indigenous knowledge and local
observations of environmental change along
with scientific assessments of the impacts
associated with these and other forms of
change. In this article we review experiences
from projects that used a community-based
dialogue-oriented approach to identifying
and assessing potential health impacts and
vulnerabilities to climate change in two Inuit
regions of Canada’s North. These experiences
build a strong case for a multi-stakeholder,
qualitative, and participatory approach to
identifying and assessing risks while enhanc-
ing the capacity of local areas to respond to
the impacts of climate change. 
The Canadian North 
A common deﬁnition of Canada’s North that
we use here includes the three territorial
administrative regions north of 60° latitude
(Yukon, Northwest Territories, and Nunavut)
as well as the region of Nunavik, north of 55°
in the province of Québec and the Inuit settle-
ment region of Nunatsiavut within Labrador.
The latter two regions comprise communities
with large Aboriginal populations and share
many biogeographic characteristics with the
territorial Arctic. Together, this region covers
approximately 60% of Canada’s landmass
(Figure 1). 
The vast coastline, islands, and perma-
nent multiyear ice found in Canada’s North
are rich in geography and biodiversity. The
diversity of the regions’ ecosystems, climate
and cultures forms a socioecologic collage
across the top of the country (Canadian
Arctic Contaminants Assessment Report II
2003). Communities are spread along
Canada’s northern coastline and interior, and
the land and sea provide northern residents
with a primary source of nutrition and form a
central part of their livelihoods and cultures
(Van Oostdam et al. 2005). 
Northerners have witnessed profound
environmental, social, political, and economic
changes in recent decades (Damas 2002;
Wonders 2003). Research on contaminants,
and more recently on climate change, has
uncovered what many northerners have
known for some time: the Arctic environ-
ment is stressed and irreversible changes are
occurring. At the same time, many communi-
ties are transitioning economically, having
become more permanent than they were
40 years ago. Many communities now have a
mixed economy of traditional or land-based
activities and wage employment, with many
of the wage employment opportunities now
associated with large-scale development of
nonrenewable natural resources (e.g., min-
ing). These increases in development and
cash income have resulted in changes in local
economies and increased accessibility to many
market items typically available in urban cen-
ters to the south. Further, dramatic political
changes have resulted in Aboriginal groups in
many regions now leading regionally based
forms of self-government or being currently
engaged in negotiations to establish such
arrangements that include land claim and
resource settlements. One example of this
arrangement is the establishment of the
Territory of Nunavut in 1999 [Indian and
Northern Afﬁars Canada (INAC) 1993]. 
Just over half of the approximately
100,000 northern residents are Aboriginal and
belong to distinct cultural groups including
the Yukon First Nations (Yukon), Dene,
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[Online 11 July 2006]Métis and Gwich’in (Northwest Territories),
and Inuit (Nunavut, Nunavik, the new Inuit
land claim area of Nunatsiavut within the
region of Labrador and the Inuvialuit
Settlement Region of the Northwest
Territories). Many of the communities are
characterized by an increasingly young and
rapidly growing population: 54% of the popu-
lation of Nunavut is under 15 years of age
compared with the national average of 25%
(Statistics Canada 2001). Many still experi-
ence lower health status than their southern
counterparts. For example, life expectancy
among Aboriginal people in some regions,
such as Nunavik, is as much as 12 years lower
than the national average for both sexes
(Statistics Canada 2001). In addition, many
remote communities are challenged by limited
access to health services, lower average socioe-
conomic status, crowding and poor-quality
housing, and concerns regarding basic services
such as drinking water quality (Statistics
Canada 2001). Despite these challenges, all
northern cultures retain a close relationship
with the environment and a strong knowledge
base of their regional surroundings. Even
today, the environment and the country foods
that come from the land, lakes, rivers and sea
remain central to the way of life, cultural iden-
tity, and health of northern Aboriginal people
(Van Oostdam et al. 2005). More than 70%
of northern Aboriginal adults harvest natural
resources through hunting and ﬁshing and of
those, > 96% do so for subsistence purposes
(Statistics Canada 2001). This strong relation-
ship with their environment plays a critical
role in the ability of northern Aboriginal peo-
ples to observe, detect, and anticipate changes
in their natural environment. 
Climate Change in 
Canada’s North
The breadth of scientific research on the
Canadian northern environment has grown
significantly in recent decades. Scientific
research, monitoring, and observations and the
knowledge we have acquired from Aboriginal
people have resulted in an awareness that
changes are taking place. Observed trends vary
depending on the region and period analyzed.
For example, the western and central Arctic
have experienced a general warming over the
past 30–50 years of approximately 2–3°C
(Weller et al. 2005). This warming is more
pronounced in winter months. It is not until
the last 15 or so years that this same warming
trend, although not to the same extent, has
been observed in eastern regions of the
Canadian Arctic. Observed impacts associated
with these changes include a signiﬁcant thin-
ning of sea- and freshwater ice, a shortening of
the winter ice season, reduction in snow cover,
changes in wildlife and plant species’ distribu-
tion, melting permafrost, and increased coastal
erosion of some shorelines (Cohen 1997;
Huntington and Fox 2005; Ouranos 2004;
Weller et al. 2005). According to the Arctic
Climate Impact Assessment (ACIA 2005)
designated climate models, the predictions are
for increased warming and precipitation
throughout the Canadian Arctic. Annual mean
warming in the west is projected to range
between 3 and 4°C and upwards of 7°C in
winter months. Winter warming is expected to
be greatest in the more centrally located areas
of southern Baffin Island and Hudson Bay
(3–9°C). A 30% increase in precipitation is
predicted by the end of the 21st century, with
the greatest increases occurring in areas of
greatest warming (Weller et al. 2005). The pre-
dicted impacts on the environment, regional
economies, and people are far reaching. Recent
research projects have begun to identify speciﬁc
local vulnerabilities and risk management mea-
sures/adaptation strategies that are already in
place or that can be planned (e.g., Berkes and
Jolly 2002; Ford et al. 2006; Nickels et al.
2002); however, very little attention has been
given to health impacts and adaptations in this
region to date.
Assessing Health Impacts and
Vulnerability
Health data series and regional scale assess-
ments in the Canadian North are limited.
However, recent qualitative studies examining
the potential health impacts of environmental
change provide new insights with which to
focus research and proactively develop
response strategies. They show the need for
community participation in filling informa-
tion gaps and increasing our understanding of
factors that enhance or inhibit adaptive capa-
bilities (Furgal et al. 2002; Nickels et al.
2002). The cases we review below present
some of these experiences.
Climate change and health in Nunavik
and Labrador. The project Climate Change
and Health in Nunavik and Labrador: What
We Know from Science and Inuit Knowledge
(Furgal et al. 2001) was conducted in
the communities of Kuujjuaq, Nunavik
(Québec), and Nain, Nunatsiavut (Labrador),
in 2000–2001. The project was initiated by
members of regional Aboriginal (Inuit) agen-
cies in charge of local environmental health
issues in cooperation with a university
researcher (C. Furgal, Laval University,
Québec City, Québec, Canada). The project
was conducted to establish a baseline under-
standing of the relationship between environ-
mental changes observed in the communities
and the potential impacts of these changes on
health, as perceived by participants and
reported in the health sciences literature. 
Nunavik is home to approximately 9,000
Inuit residents living in 14 villages distributed
along the coasts of Ungava Bay, Hudson
Straight, and the eastern shore of Hudson Bay
(Figure 1). In 2005, the autonomous Inuit
region of Nunatisavut was established via a tri-
partite agreement between the federal and
provincial governments and the Inuit of
Labrador. This region is situated within the
mainland boundary of the province of
Newfoundland and Labrador. The region is
Aboriginal health vulnerability and climate
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Figure 1. Map showing territories and regions of the Canadian North. Communities engaged in projects
such as those discussed in Furgal et al. (2002), Nickels et al. (2002), and in this present article are identiﬁed.
Inuvialuit Settlement Region
Aklavik Inuvik Tuktoyaktuk
Nunavik
Kuujjuaq
Nunatsiavut
Nain
600 km
Communities participating in
projects discussed in paperhome to approximately 4,800 Inuit living in
five coastal communities (Figure 1). Despite
recent economic, political, and social changes
in the regions of Nunavik and Nunatsiavut
over the past decades, residents remain close to
their traditions, and many aspects of a land-
based traditional lifestyle are still commonly
practiced. 
To identify potential impacts of observed
climate-related changes on health, the project
gathered information from various sources.
Investigators reviewed the available scientiﬁc
literature, conducted expert consultations with
northern health and environment profession-
als and researchers, and documentation of
Inuit knowledge and perspectives via focus
groups with 16 Inuit hunters, elders, and
women in the two communities. A process of
thematic content analysis was then performed
on the qualitative data, and common groups
or categories of environmental changes and
human impacts were developed (Tesch 1990).
This analysis of the collective base of informa-
tion identiﬁed a series of potential direct and
indirect health impacts associated with cli-
matic changes observed in Nunavik and
Nunatsiavut (Table 1; Furgal et al. 2002). 
Most observations and impacts were
common between the two regions. For the
purposes of the our discussion here to present
the scope of changes and impacts observed to
date, the results of these two regions are com-
bined. Participants in the two regions identi-
fied changes in climatic conditions over the
past 10 years not previously experienced or
reported in the region. Some changes were
identified as having a direct impact on the
health of individuals. Respiratory stress was
reported among elderly participants and those
with decreased respiratory health in associa-
tion with an increase in summer temperature
extremes that now exceed 30°C in both
regions. The reported increase in uncharacter-
istic weather patterns and storm events had
significant impacts on travel and hunting/
ﬁshing safety. As one focus group participant
reported:
it changes so quick now you find. Much faster
than it used to. . . . last winter when the teacher
was caught out it was perfect in the morning. . .
then it went down ﬂat and they couldn’t see any-
thing. . . . Eighteen people were caught out then,
and they almost froze, it was bitterly cold.
(Nunatsiavut focus group participant, unpub-
lished data, 2001) 
Significantly more indirect associations
between climate-related changes and health
were reported by local residents, northern
environment and health professionals, or were
found in the pertinent scientific literature
(Table 2). For example, warming winter tem-
peratures in the areas around both communi-
ties were reported to have changed the timing
of ice freeze-up and decreased its thickness
and stability. For Inuit communities, sea ice
travel is critical for accessing wildlife resources
and traveling between communities during
winter months. There are anecdotal reports of
an increase in the number of accidents and
drownings associated with poor or uncharac-
teristic ice conditions during times of the year
that are predictable and typically very safe.
More events are reported each year, such as
that occurring in 2003 when two young Inuit
men went through the ice on their skidoos
and drowned near their community as a result
of a strange thinning ice phenomenon that
was reported to have been “becoming more
common in recent years” (Nelson 2003).
With a young and increasingly sedentary pop-
ulation spending more time in communities
engaged in wage employment and less time
on the land, a combination of factors appears
to make this group more vulnerable to the cli-
mate-related changes being reported in many
northern regions today. Moreover, changes in
the timing of the ice season are reported to
impact the frequency and timing of hunting
activities in communities, as indicated by the
following comment: 
This year and last year, we have been stopped
when we were going to go ﬁshing. The ice broke
up quickly. We would have gone ﬁshing more in
the past. (Nunavik focus group participant,
unpublished data, 2001) 
The implications of these changes on food
security and potential implications on nutri-
tional health among these populations which
receive signiﬁcant energy and nutrient contri-
butions to their total diet from these country
foods is only now being investigated. In fact,
a number of focused research projects have
been initiated with the communities involved
in this present study and others in these
regions. For example, work on climate and
water quality, hunting behavior, women’s
health, and emerging and chronic diseases in
the North are currently under way. 
In general, the impacts identiﬁed by local
residents in this project were supported pri-
marily by scientific evidence and the pub-
lished literature, although, in some cases, the
effects represented new findings. Many
impacts were based on individuals’ experi-
ences in relation to observed climate-related
changes in the local area. Other impacts were
Furgal and Seguin
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Table 1. Summary of potential direct climate-related health impacts in Nunavik and Labrador.
Identiﬁed climate-related change Potential direct health impacts
Increased (magnitude and frequency) temperature extremes Increased heat- and cold-related morbidity and mortality
Increase in frequency and intensity of extreme weather  Increased frequency and severity of accidents while 
events (e.g., storms)  hunting and traveling, resulting in injuries, death, 
Increase in uncharacteristic weather patterns  psychosocial stress
Increased UV-B exposure Increased risks of skin cancers, burns, infectious 
diseases, eye damage (cataracts), immunosuppression
UV-B, ultraviolet B. Adapted from Furgal et al. (2002).
Table 2. Summary of potential indirect climate-related health impacts in Nunavik and Labrador.
Identiﬁed climate-related change Potential indirect health impacts
Increased (magnitude and frequency) temperature  Increase in infectious disease incidence and 
extremes transmission, psychosocial disruption 
Decrease in ice distribution, stability, and duration of  Increased frequency and severity of accidents while
coverage hunting and traveling, resulting in injuries, death,
psychosocial stress
Decreased access to country food items; decreased
food security, erosion of social and cultural values
associated with country foods preparation, sharing,
and consumption
Change in snow composition (decrease in quality of snow Challenges to building shelters (igloo) for safety while 
for igloo construction with increased humidity) on the land
Increase in range and activity of existing and new  Increased exposure to existing and new vectorborne 
infective agents (e.g., biting ﬂies) diseases
Change in local ecology of waterborne and foodborne infec-  Increase in incidence of diarrheal and other infectious 
tive agents (introduction of new parasites and perceived  diseases
decrease in quality of natural drinking water sources) Emergence of new diseases
Increased permafrost melting, decreased structural stability Decreased stability of public health, housing, and 
transportation infrastructure 
Psychosocial disruption associated with community 
relocation (partial or complete)
Sea-level rise Psychosocial disruption associated with infrastructure 
damage and community relocation (partial or complete)
Changes in air pollution (contaminants, pollens, spores) Increased incidence of respiratory and cardiovascular 
diseases; increased exposure to environmental 
contaminants and subsequent impacts on health 
development 
Adapted from Furgal et al. (2002).identiﬁed as “potential,” as they were logical
extrapolations for residents considering the
observed patterns of change in regional cli-
mate variables and the perceived relationship
between Inuit health and the environment
(Tables 1 and 2). 
Inuit community workshops on climate
change. In response to growing concern
among Inuit communities about environmen-
tal changes being observed, the national Inuit
organization in Canada, Inuit Tapiriit
Kantami, initiated a project in cooperation
with regional Inuit organizations and
Canadian research institutions to document
changes and impacts experienced in commu-
nities and to discuss how communities cur-
rently are adapting or may adapt in the
future. In the first series of workshops in
January and February 2002, a research team
involving regionally based Inuit representa-
tives visited three of the six communities in
the Inuvialuit Settlement Region of the
Northwest Territories (Tuktoyaktuk, Aklavik,
and Inuvik, Northwest Territories; Figure 1).
Community workshops occurred over 2 days
in each community, and research team mem-
bers documented Inuit residents’ observations
of environmental changes and the reported
effects they were experiencing in association
with these changes. At the same time, com-
munities began to identify existing strategies
or develop potential adaptation strategies for
local-level response (Table 3; Nickels et al.
2002). The processes used for the workshop
drew on participatory analysis and planning
techniques including Participatory Rural
Appraisal (PRA) and Objectives Oriented
Project Planning (ZOPP) [Chambers 1997;
Deutsche Gesellschaft für Technische
Zusammenarbeit (German Agency for
Technical Cooperation) 1988]. 
The communities of the Inuvialuit
Settlement Region (ISR) have been observing
changes associated with warming in their
region for a longer period than those living in
the eastern Arctic communities. Changes in
the ISR appear more pronounced. For exam-
ple, increased mean summer and winter tem-
peratures, temperature extremes, an increase
in uncharacteristic weather patterns and
storm events, a decrease in precipitation, and
changes in the characteristics of the ice season
similar to those reported in the eastern com-
munities (Furgal et al. 2002) were discussed
in ISR community workshops (Nickels et al.
2002). These changes affect the health of
individuals and communities, and in some
cases communities are already beginning to
respond (Table 3). 
For example, in association with summer
warming, residents are reporting an increase
in the number and species of biting ﬂies and
insects, including bees. Many residents are
concerned because of the potential for spread
of disease or potential allergic reactions to
stings, as many of these insects have never
been seen before in this region. Consequently,
a public education process was recommended
by workshop participants to inform people
about what action could be taken to minimize
the risk of being bitten and to alleviate public
fear. Currently, little information on these
topics exists or is available in the communities
(Table 3).
Locally appropriate strategies were sug-
gested to address climate-related impacts on
animal distribution and decreased human
access to important country food sources (e.g.,
caribou and geese). Furgal et al. (2002)
reported that some people (e.g., Elders and
those with limited equipment and financial
resources) were challenged in their access to
country food species, particularly during fall
and spring because of changes in ice condi-
tions, water levels, or shifts in animal migra-
tions. These changes were resulting in
increased costs and time associated with travel-
ing longer distances to procure these foods
and a decrease in consumption of these items
for some members of the community. Because
of these problems, it was recommended that a
community hunting and sharing program be
formalized to ensure access to these food stuffs
for all (Table 3). 
Currently, more reactive than proactive
strategies are in place to adapt to climate-
related health impacts in these communities.
Changes in hunting behavior, increased
investments in equipment or infrastructure
(e.g., smoke houses, freezers), and the impor-
tance of increased education and information
exchange were identified. As in the eastern
Arctic communities, these initial workshops
have led to the establishment of a variety of
projects that address specific issues. Some of
these projects will potentially lead to proactive
primary adaptations to reduce exposure
(Casimiro et al. 2001). 
Understanding the Capacity 
of Canada’s North for 
Health Adaptation 
A summary of examples of adaptive strategies
from the work presented in Table 3 is indica-
tive of the inherently adaptive nature of Inuit
society and northern Aboriginal cultures in
general (Adger et al. 2003; Nickels et al.
2002; Reidlinger and Berkes 2001). However,
the ability to respond varies among commu-
nities and regions and is inﬂuenced by some
common critical factors. The World Health
Organization framework for health adapta-
tion (Grambsch and Menne 2003) identiﬁes
Aboriginal health vulnerability and climate
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Table 3. Examples of environmental changes, effects, and coping strategies/adaptations reported by community residents in the Inuvialuit Settlement Region to
minimize negative health impacts of climate change.
Observation Effect Coping strategy/adaptation
Warmer temperatures  Not able to store country food properly while hunting; food spoils  Return to community more often in summer while hunting to 
quicker; less country foods are consumed  store food safely (in cool temperatures)
Needed: investment of more funds for hunting activities
Decrease amount of future hunting and storage with fewer 
places to store extra meat
Needed: re-investment in government-supported community freezer 
program
Warmer temperatures  Can no longer prepare dried/smoked ﬁsh in the same way: “It gets  Alter construction of smoke houses: build thicker roofs to regulate 
in summer cooked in the heat” temperature
Less dried/smoked ﬁsh eaten Adapt drying and smoking techniques
Lower water levels in  Decrease in sources of good natural (raw) drinking water available  Bottled water now purchased and taken on trips
some areas and some while on the land
brooks/creeks drying up Increased risk of waterborne illnesses
More mosquitoes and  Increased insect bites Use insect repellent, lotion, or sprays
other (new) biting insects Increasing concern about health effects of new biting insects  Use netting and screens on windows and entrances to houses 
not seen before Needed: information and education on insects and biting ﬂies to address 
current perception/fear
Changing animal  Makes hunting more difﬁcult (requires more fuel, gear, and time) Initiation of a community program for active hunters to provide meat to 
travel/migration routes Some residents (e.g., Elders) cannot afford to hunt, thus  others (e.g., Elders) who are unable to travel/hunt under changing conditions
consuming less country foods Needed: ﬁnancial and institutional support to establish program
Adapted from Nickels et al. (2002).seven elements that influence vulnerability
and adaptation to climate-related health
impacts, many of which are applicable to the
northern communities discussed here. 
The ability to overcome changes in access
to or availability of country food resources,
which are important for nutritional and
sociocultural well-being, is signiﬁcantly inﬂu-
enced by an individual’s access to economic
resources and technology. The ability to
invest more in the required tools and equip-
ment for hunting and traveling, or the access
to other forms of transportation (e.g., snow
machine, four-wheel all terrain vehicle, flat
bottom or larger boat) allows individuals to
adapt more easily to changing environmental
conditions (Duhaime et al. 2002; Ford et al.
2006). 
Similarly, the generation and sharing of
local or traditional knowledge of regional envi-
ronments and the relationship between the
environment and humans further support this
ability to adapt while on the land and safely
navigate increasingly dangerous and uncharac-
teristic conditions. The ability to shift species,
alter hunting behaviors, and read environmen-
tal cues (e.g., weather prediction, ice safety) all
increase hunting and travel safety and success.
The importance of this knowledge is gaining
recognition among scientiﬁc and policy com-
munities (e.g., Huntington and Fox 2005);
however, its generation is being challenged
locally with shifts toward a more “western
lifestyle” involving more time spent in com-
munities engaged in indoor wage-based eco-
nomic activities and less time on the land
(Chapin et al. 2005). 
The support provided through institu-
tional or formal arrangements for aspects of
traditional lifestyles and health may become
increasingly important with climate change in
Arctic regions. As many communities begin
to represent more pluralistic societies in terms
of livelihoods and lifestyles, establishing coun-
try food collection, storage and distribution
programs, and economic support for the pur-
suit of traditional activities become important
in reducing the vulnerabilities to and enhanc-
ing adaptive capabilities for climate-related
changes. Also important is the formalization
of traditional knowledge documentation and
sharing mechanisms through the establish-
ment of such things as community-based ice
monitoring programs (Lafortune et al. 2004). 
With warming temperatures and the
potential for the introduction of new water and
foodborne agents and permafrost melting,
which threatens built structures in coastal com-
munities, some basic public health infrastruc-
tures (e.g., water treatment and distribution,
emergency transportation) are increasingly vul-
nerable. The security of basic public health
infrastructure in small remote communities
that are already challenged regarding provision
of some basic services is a signiﬁcant determi-
nant of adaptive ability in these locations. 
Finally, existing health status issues in
Inuit populations (e.g., nutritional deficien-
cies, increasing rates of diabetes and some can-
cers associated with shifts toward a more
“western diet” and sedentary lifestyle, and
rates of respiratory illness) appear to be further
exacerbated by changes in local climate. The
combination of environmental change, basic
health needs, limited economic choices, and
shifts in northern society and lifestyle appears
to increase vulnerability and limit the ability
of some Arctic communities to respond.
When many of these factors overlap and the
population is already facing some critical
health issues, the impact of climate change is
greater because of the population’s vulnerabil-
ity (e.g., small remote communities, with a
limited natural and economic resource base).
Discussion
Indigenous populations are often more vul-
nerable to climatic changes because of their
close relationship with the environment, their
reliance on the land and sea for subsistence
purposes, the fact that they are more likely to
inhabit areas of more severe impact such as
coastal regions, often have lower socioeco-
nomic status, are more socially marginalized,
and have less access to quality health care ser-
vices (Kovats et al. 2003). In the public health
sector, this combination of the current expo-
sure–response relationship, the extent of
exposure, and the possible preventative mea-
sures in place creates a vulnerability baseline
against which the effectiveness of future poli-
cies can be measured via changes in the bur-
den of disease (Ebi et al. 2003). The dialogue
approach we present here shows the value of
establishing this baseline and engaging Arctic
Aboriginal communities on these issues by a
process very similar to that outlined by Ebi
et al. (2006).
The ﬁndings presented in these two small
studies are supported by others (e.g., Ford
et al. 2006; Krupnik and Jolly 2002). A work-
shop with Northern health professionals,
community leaders, and Aboriginal represen-
tatives from across the North reported similar
results (Health Canada 2002). Critical issues
identified included challenges related to
northern home design and a lack of ventila-
tion causing heat stress among elderly on
increasingly warm days; impacts to food secu-
rity because of changes in sea-ice access routes
to hunting areas or ice-road stability and
effects on reliable transport of market food
stuffs; combined impacts on mental health
due to reduced ability of individuals to prac-
tice aspects of traditional lifestyles; and
impacts to infrastructure and threats of com-
munity disruption or relocation (Health
Canada 2002). 
Although a regionally based analysis was
not possible with the data available, variations
in vulnerabilities and adaptive abilities appear
to exist between and within regions on the
basis of a number of common factors (see
“Understanding the Capacity of Canada’s
North for Health Adaptation”; Grambsch
and Menne 2003). Similarly, both projects
were conducted with Inuit communities, and
hence, differences between Arctic cultural
groups were not identiﬁed. However, as each
Aboriginal group is uniquely adapted to its
geography and local ecology, it is reasonable
to speculate that each group’s socioecologic
resilience and adaptive capacity for health
issues is similarly unique. Observed climate
changes, impacts, and response abilities of
Yukon First Nations living in the interior of
the western Arctic likely are very different
from those of the Inuit communities pre-
sented here. It is therefore critical to conduct
such assessments locally. 
As in other regions of the world, enhanc-
ing adaptive capacity can be regarded as a “no
regrets” option in the North, as it not only
reduces vulnerability but also improves imme-
diate resilience to current day stresses (Yohe
and Tol 2002). Strengthening access and
availability to country foods throughout the
year for communities or increasing public
health education associated with environmen-
tal causes of disease are such examples.
Establishing community freezer and distribu-
tion plans will help in addressing current
nutritional and other food issues as well as
increase the capability of an individual to
access safe and healthy foods in the face of
environmental changes. Increased knowledge
and awareness of environmental causes of dis-
ease will address perceived risks and provide
valuable information to empower individuals
to continue to make healthy decisions.
Both the Nunavik–Nunatsiavut (Labrador)
project and the workshops in the ISR are start-
ing points in the collection of information to
support community, regional, national, and
international processes on climate change.
Many new projects have since begun on com-
ponents of the climate–health relationship in
northern communities, and many of these are
taking a similarly participatory approach (e.g.,
ArcticNet 2004). Arctic indigenous peoples
have also participated in the international
assessment of climate change impacts through
their involvement in the ACIA with academic
and government researchers (ACIA 2004).
This level of engagement and contribution is a
significant advance in environmental health
impact and vulnerability research. Despite
these advances, research on climate and health
in northern Aboriginal populations is sparse
(Berner and Furgal 2005), and the identiﬁca-
tion of the impacts on local populations and
community adaptations is still in its infancy
Furgal and Seguin
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thresholds and limits to adaptation (Berkes and
Jolly 2002).
The studies presented here on populations
in Canada’s North and a review of other
recent research in this region (e.g., ACIA
2005; Ford et al. 2006; Health Canada 2003)
identify data gaps that we need to fill and
methods that we need to use to increase our
understanding of climate and health assess-
ment, vulnerability, and the capacity to adapt
in northern Aboriginal communities. They
include the following:
Multiple-scale research and data.
Community-based assessments and systematic
research must be conducted on the issues of
climate change impacts in the North and else-
where in Canada. Local, regional, and national
levels are interconnected in supporting and
facilitating action on climate change; thus data
at multiple levels and research that link scales
to understand these relationships are needed.
Fine-scale meteorologic data is required in
many northern regions and must be collected
in a way that allows the data to be linked to
existing and future health data sets. Models of
change and impact must be linked with cur-
rently used global change scenarios. 
Quality, comparable, standardized data.
Innovative approaches to health and climate
assessment are needed and should consider
the role of sociocultural diversity present
among Arctic communities. This requires
both qualitative and quantitative data and the
collection of long-term data sets on standard
health outcomes at comparable temporal and
spatial levels. These data must include local
observations and knowledge collected using
reliable and standardized methods.
Integrated, interdisciplinary approaches
to assessment. Assessments that take a multi-
disciplinary approach bringing together
health scientists, climatologists, biologists,
ecologists, social and behavioral scientists, and
policy researchers and include demographic,
socioeconomic, and health and environmental
data are required to develop an adequate
understanding of impacts, vulnerabilities, and
capabilities in Arctic communities.
Increased analysis of historical data.
Historical data (climate, health, social, eco-
nomic) from appropriate locations with cli-
mate systems similar to those projected for
Canadian northern regions must be used for
integrated and geographic analyses of the
spread of disease relative to climate variables.
These analyses would make efficient use of
existing information and increase our under-
standing of these issues and their inter-
connected nature.
Improvement of scenarios and models for
health assessment. Developing and improving
regional scenarios is needed for areas pro-
jected to experience signiﬁcant impacts, such
as the western Arctic. Socioeconomic scenar-
ios to model and project impacts and changes
within northern indigenous populations are
needed. Such scenarios are currently sparse,
poorly developed, and inadequate. 
Conceptual and analytical understanding
of vulnerability and capacity. Work is needed
at both the conceptual and analytical levels to
deﬁne and increase our understanding of vul-
nerability and community health, how best to
measure these concepts, and the use of these
concepts in making decisions about the health
of the community and in risk management.
This work should include local knowledge
and informal institutions (e.g., cultural shar-
ing networks) to best understand these con-
cepts in Aboriginal communities.
Enhancement of local capacities to
identify, conduct, and analyze data related
to climate change and the impacts on health.
To ensure success and sustainability of adap-
tation strategies, development of local and
regional monitoring, analytical and decision
making capabilities are needed to support
cooperative and empowering approaches to
research and action. 
Conclusions
In the Canadian North the debate is no
longer solely about identifying and predicting
effects of climatic change but rather about
what can and should be done to adapt, as
some communities are already reporting
impacts. This research focuses on improving
the understanding of the magnitude and tim-
ing of the impacts of climate change, how
individuals and communities cope with cur-
rent and predicted changes, and what public
institutions should do to actively support
adaptation.
There is currently sparse information on
the effectiveness of any current strategies for
dealing with climate-related or environmental
risks to health in the locations described here
and in other areas of the country. This lack of
information is an important gap in our under-
standing and ability to assess who, where, and
when Canadians may be vulnerable to the
effects of climate change. A signiﬁcant compo-
nent is the lack of an assessment of the
Canadian health sector’s ability at various lev-
els and in various locations to cope with and
plan for the impacts of climate change. The
cooperative planning, development, and con-
duct of projects in Inuit communities bringing
together scientists, northern environment and
health professionals, and community residents
and experts, as presented here, has been essen-
tial to the success of the projects described in
this article. The community-based, dialogue-
focused approach has proven valuable in
engaging communities and establishing a local
baseline for understanding the changes,
impacts, vulnerabilities, and the ability to
respond at the local scale. Such an approach
may very well prove useful in establishing this
baseline in other regions. 
REFERENCES
ACIA. 2004. Arctic Climate Impact Assessment. Overview
Report. Cambridge, UK: Cambridge University Press.
ACIA. 2005. Arctic Climate Impact Assessment. Scientific
Report. Cambridge, UK:Cambridge University Press. 
Adger WN, Huq S, Brown K, Conway D, Hulme M. 2003.
Adaptation to climate change in the developing world.
Prog Dev Stud 3(3):179–195. 
ArcticNet. 2004. Network Centres of Excellent. Available:
http://www.arcticnet.ulaval.ca [accessed 15 June 2006]
Berkes F, Jolly D. 2002. Adapting to climate change: social-
ecological resilience in a Canadian western Arctic com-
munity. Conserv Ecol 5(2):18. Available: http://www.
consecol.org/vol5/iss2/art18 [accessed 3 July 2006]. 
Berner J, Furgal C. 2005. Human health. In: Arctic Climate
Impact Assessment (ACIA). Cambridge, UK: Cambridge
University Press, 863–906. 
Canadian Arctic Contaminants Assessment Report II. 2003.
Canadian Arctic Contaminants Assessment Report II
(Health, Biotic, Abiotic and Knowledge in Action). Ottawa,
Ontario, CN:Northern Contaminants Program, Department
of Indian and Northern Affairs.
Casimiro E, Calheiros JM, Dessai S. 2001. Human health. In:
Climate Change in Portugal: Scenarios, Impacts and
Adaptation Measures (Santos FD, Forbes K, Moita R, eds).
Lisbon:Scenarios, Impacts and Adaptation Measures.
Chambers R. 1997. Whose Reality Counts? Putting the First
Last. London:Intermediate Technology Publications.
Chapin FS. 2005. Polar systems. In: Millenium Ecosystem
Assessment. Available: http://www.millenniumassess-
ment.org/en/products.aspx) [accessed 15 June 2006]
Cohen SJ. 1997. Mackenzie Basin Impact Study. Final Report.
Ottawa, Ontario, CN:Environment Canada.
Damas D. 2002. Arctic Migrants/Arctic Villagers. Montréal,
Québec, CN:McGill-Queens University Press.
Deutsche Gesellschaft für Technische Zusammenarbeit
(German Agency for Technical Cooperation). 1988. ZOPP
(Objectives ORIENTED PROJECT PLAnning: An Introduction
to the Method). Eschborn, Germany:Deutsche Gesellschaft
für Technische Zusammenarbeit .
Duhaime G, Chabot M and Gaudreault M. 2002. Food consump-
tion patterns and socioeconomic factors among the Inuit
of Nunavik. Ecol Food Nutr 41:91–118.
Ebi KL, Kovats RS, Menne B. 2006. An approach for assessing
human health vulnerability and public health interventions
to adapt to climate change. Environ Health Perspect
114:1930–1934. 
Ebi KL, Mearns O, Nyenzi B. 2003. Weather and climate: chang-
ing human exposures. In: Climate Change and Health:
Risks and Responses (McMichael AJ, Campbell-Lendrum
DH, Corvalan CF, Ebi KL, Githeko A, et al., eds). Geneva:
World Health Organization. 
Ford JD, Smit B, Wandel J. 2006. Vulnerability to climate
change in the Arctic: a case study from Arctic Bay,
Canada. Global Environ Change 16:145–160.
Furgal C, Martin D, Gosselin P. 2002. Climate change and health
in Nunavik and Laborador: lessons from Inuit knowledge. In:
The Earth is Faster Now: Indigenous Observations of Arctic
Environmental Change (Krupnik I, Jolly D, eds). Washington,
DC:Arctic Research Consortium of the United States, Arctic
Studies Centre, Smithsonian Institute, 266–300.
Furgal C, Martin D, Gosselin P, Viau A, Labrador Inuit
Association (LIA), Nunavik Regional Board of Health and
Social Services (NRBHSS). 2001. Climate change in
Nunavik and Labrador: What we know from science and
Inuit ecological knowledge. Final Project Report prepared
for Climate Change Action Fund. Beauport, Québec,
CN:Centre hospitalier Universitaire du Quebec Pavillon
Centre hospitalier Universite Laval.
Government of Canada. 2003. Climate Change Impacts and
Adaptation: A Canadian Perspective. Available: http://
www.adaptation.nrcan.gc.ca/perspective_e.asp
[accessed 15 June 2006]
Grambsch A, and Menne B. 2003. Adaptation and adaptive
capacity in the public health context. In: Climate Change
and Health: Risks and Responses (McMichael AJ,
Campbell-Lendrum DH, Corvalan CF, Ebi KL, Githeko A,
Aboriginal health vulnerability and climate
Environmental Health Perspectives • VOLUME 114 | NUMBER 12 | December 2006 1969Furgal and Seguin
1970 VOLUME 114 | NUMBER 12 | December 2006 • Environmental Health Perspectives
Scheraga JD, et al., eds). Geneva:World Health
Organization, 220–236.
Health Canada. 2002. Climate Change and Health and Well-
Being in Canada’s North. Report on the Public Health
Planning Workshop on Climate Change and Health and
Well-Being in the North, 6–7 July 2002, Yellowknife,
Northwest Territories. Ottawa, Ontario, CN:Health Canada.
Health Canada. 2003. Climate Change and Health: Assessing
Canada’s Capacity to Address the Health Impacts of Climate
Change. Prepared for the Expert Advisory Workshop on
Adaptive Capacity, 27–28 November 2003, Mont Tremblant,
Québec, CN. Ottawa, Ontario, CN:Climate Change and Health
Office, Safe Environments Program, Health Environments
and Consumer Safety Branch, Health Canada.
Huntington H, Fox S. 2005. The changing Arctic: indigenous
perspectives. In: Arctic Climate Impact Assessment.
Cambridge, UK:Cambridge University Press, 61–98.
Indian and Northern Affairs Canada (INAC) 1993. Agreement
between the Inuit of the Nunavut Settlement Area and Her
Majesty the Queen in Right of Canada. Ottawa, Ontario,
CN:Indian Affairs and Northern Development Canada and
the Tunngavik Federation of Nunavut. 
Kovats S, Ebi KL, Menne B. 2003. Methods of assessing human
health vulnerability and public health adaptation to climate
change. In: Health and Global Environmental Change,
Series no 1. Copenhagen:World Health Organization,
World Meteorological Organization, Health Canada,
United Nations Environment Programme.
Krupnik I, Jolly D. 2002. The Earth Is Faster Now: Indigenous
Observations of Climate Change. Fairbanks, AK:Arctic
Research Consortium of the United States.
Kyoto Protocol. 2006. Home Page. Available: http://unfccc.int/
kyoto_protocol/items/2830.php [accessed 7 November
2006].
Lafortune V, Furgal C, Drouin J, Annanack T, Einish N, Etidloie B,
et al. 2004. Climate Change in Northern Québec: Access to
Land and Resource Issues. Project report. Kuujjuaq,
Québec, CN:Kativik Regional Government.
McBean G, Alekssev GV, Chen D, Forland E, Fyfe J, Groisman
PY, et al. 2005. Arctic climate: past and present. In: Arctic
Climate Impact Assessment. Cambridge, UK:Cambridge
University Press, 21–60.
Nelson O. 2003. Two men drown in Inukjuak: snowmobile
crashes through thin ice. Nunatsiaq News, 31 January
2003. Available: http://www.nunatsiaq.com/archives/
nunavut030131/news/nunavik/30131_02.html [accessed
3 July 2006].
Nickels S, Furgal C, Castleden J, Moss-Davies P, Buell M,
Armstrong B, et al. 2002. Putting the human face on climate
change through community workshops: Inuit knowledge,
partnerships, and research. In: The Earth is Faster Now:
Indigenous Observations of Arctic Environmental Change
(Krupnik I, Jolly D, eds). Washington, DC:Arctic Research
Consortium of the United States, Arctic Studies Centre,
Smithsonian Institute, 300–344.
Ouranos. 2004. S’adapter aux changements climatiques.
Bibliotheque nationale du Québec. Montreal, Québec,
CN:Ouranos Climate Change Consortium.
Patz JA, Engelberg D, Last J. 2000. The effects of changing
weather on public health. Annu Rev Public Health
21:271–307. 
Reidlinger D, Berkes F. 2001. Responding to climate change in
northern communities: impacts and adaptations. Arctic
54(1):96–98. 
Statistics Canada. 2001. Aboriginal People’s Survey 2001—
Initial Findings: Well-Being of the Non-Reserve Aboriginal
Population. Catalogue no. 89-589-XIE. Ottawa, Ontario,
CN:Statistics Canada .
Tesch R. 1990. Qualitative research: analysis types and soft-
ware tools. New York:Falmer.
United Nations Framework Convention on Climate Change.
2006. Home Page. Available: http://unfccc.int/2860.php
[accessed 7 November 2006].
Van Oostdam J, Donaldson SG, Feeley M, Arnold D, Ayotte P,
Bondy G, et al. 2005. Human health implications of environ-
mental contaminants in Arctic Canada: a review. Sci Total
Environ 351–352:165–246.
Weller G, Bush E, Callaghan TV, Corell R, Fox S, Furgal C, et al.
2005. Summary and Synthesis of the ACIA. In: Arctic
Climate Impact Assessment. Cambridge, UK:Cambridge
University Press, 989–1020.
Wonders W, ed. 2003. Canada’s Changing North. Revised ed.
Montreal:McGill-Queen’s University Press. 
Yohe G, Tol RSJ. 2002. Indicators for social and economic cop-
ing capacity—moving toward a working definition of
adaptive capacity. Global Environ Change Hum Policy
Dimen 12:25–40.